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Chapter 9 
Reflections on Reasoning 
Russell Tytler (Deakin University) 
Abstract 
The central aim of the EQUALPRIME project was to examine the ways in which teachers of science in the 
different countries support student reasoning. A significant methodological challenge in comparing 
classrooms from different cultures and contexts is the need to adopt a perspective that makes sense of 
what is happening in ways that allow informed comparison, yet does not privilege particular culturally 
framed views of the video data. A further challenge is presented by the fact that reasoning is not a unitary 
construct. There are many different perspectives on reasoning represented in the literature including 
teacher-student interactions, representation coordination and inquiry perspectives. This Chapter reviews a 
number of such perspectives that have been taken on reasoning during the analysis of the EQUALPRIME 
video data, each of which allows a different view of the variation in practice within and across countries. 
Each is valid, but each is partial. It is argued that practices in support of reasoning cannot be captured 
through a single lens, but in any classroom need to be viewed from multiple theoretical stances in order to 
adequately capture the particular forms of reasoning, the systemic context and individual teacher beliefs 
that underpin these different practices. In order to legitimately compare and contrast reasoning in these 
different classrooms in the three countries, a narrative must be constructed of each case that draws on 
these multiple perspectives. The Chapter will present analyses using different theoretical perspectives and 
the way they might be combined to open a richer window into the different beliefs and traditions that 
frame teacher support of student reasoning in the three countries.  
Key Words 
Cross-cultural study, primary science teaching, reasoning, representation, models, Australia, Germany, 
Taiwan. 
Introduction 
A major aim of the EQUALPRIME project was to examine teachers’ support of reasoning through identifying 
their productive discursive practices, and to explore commonalities and differences in practice that relate 
to the different cultural-historical traditions of the three countries. We have been exploring the forms of 
classroom discourse used in the different countries to provide opportunities for students to explore ideas, 
reason with ideas and evidence, and construct understandings about natural phenomena. This Chapter 
reviews the different analyses of teachers’ support for student reasoning, described in previous chapters, in 
order to construct a more comprehensive view of reasoning in primary science classrooms, across these 
three countries.  
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Theoretical perspectives on reasoning 
There has been increasing interest in reasoning in science classrooms relating to the promotion of higher 
order thinking and 21st Century skills as important outcomes of education. These skills tend to be 
characterised by terms, such as critical and creative thinking, that are often also associated with reasoning. 
The TIMSS (Trends in International Mathematics and Science Study) characterises ‘reasoning’ questions as 
involving the following processes: analyse/solve problems, integrate/synthesise, hypothesise/predict, 
design/plan, draw conclusions, generalise, evaluate, and justify (TIMSS, 2007). Peirce (1981) defined 
reasoning quite broadly as finding out, from the consideration of what we already know, something which 
we do not know. Peirce’s view is quite productive and inclusive, amounting to characterising reasoning as 
‘moving thinking forward’. 
While these are broad terms, they are useful in mapping the territory. They leave untouched, however, the 
question of the reasoning moves that underpin these processes in science and in science classrooms. In 
particular we are interested to analyse the relative importance of formal reasoning processes such as 
deduction, induction and abduction, and informal modes of reasoning including model-based reasoning, 
analogy and metaphor, and informal perceptual processes. In this Chapter we argue for a view of reasoning 
that is sufficiently flexible to capture the different approaches to teaching and learning and reasoning in 
classrooms from our three countries; which does not privilege particular modes of reasoning, or modes of 
demonstrating reasoning, that may be based in a particular cultural perspective.  
Reasoning in science has traditionally been construed as involving relations between ideas and evidence 
and the ways these are coordinated. Thus, studies in the psychological tradition have been concerned with 
developmental aspects of the recognition and coordination of ideas with evidence in formal co-variation 
situations (Koslowski, 1996; Kuhn et al., 1988), and the capacity of children to make this idea-evidence 
distinction (Sodian, Zaitchik & Carey, 1991). In science education, growth in reasoning capability has been 
associated with the level of sophistication of epistemological positions (Driver, Leach, Millar, & Scott, 1996). 
Tytler and Peterson (2003; 2005) describe three levels of epistemological reasoning: 
• Phenomenon-based reasoning, where explanation and description are not distinguished, and the 
purpose of experimentation is to ‘look and see.’  
• Relation-based reasoning, where explanation is seen as involving the identification of relations 
between observable or taken-for granted entities rather than the searching for an underlying cause, 
and exploratory approaches tend to be confirmatory and uncritical. Explanation emerges from the 
data in an uncritical way. 
• Concept- or model-based reasoning, where explanation is cast in terms of conceptual entities 
including models that represent an underlying cause or deeper level interpretation, where 
experimentation is guided by hypotheses, where the role of disconfirming evidence is acknowledged 
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as significant, if not sought for, and where the possibility of alternative explanations is 
acknowledged.  
More recently there has been interest in argumentation in school science, as a representation of the core 
process by which conceptual claims are established in science itself (Osborne, 2010; Simon, Erduran & 
Osborne, 2006). These perspectives have underpinned some recent analyses of reasoning in classrooms. 
For instance Erin Furtak and colleagues (2010) argue for a framework to trace evidence based reasoning 
that includes the following dimensions: 
1. Elements of reasoning, based on Toulmin’s categories of premise, claim, and backing.  
2. Quality of reasoning (claim based, evidence based (relational) and inductive or deductive (rule 
based)). 
3. The teacher’s contribution to reasoning (e.g. request for claims, request for backing etc.) 
4. Conceptual level of reasoning (explicit vs implicit – the question of whether students simply 
reproduce teacher produced representations or ideas, or reframe language and representations in 
their own way) 
Their highest level of reasoning quality involved backings based on generalised rules.  
However, Shemwell and Furtak (2010) critique the use of argumentation as a sole indicator of or support 
for conceptually rich discussions. They argue that the types of classroom discussion that lead to rich 
conceptual ideas involves students grappling with new ways of looking at things, unencumbered by the 
need to provide evidence at every step. Student learning is not a straightforward rational process that 
occurs through the direct application of evidence to support new ideas. In looking at the particular analyses 
in that study, part of the reason for this mismatch between quality of argument and quality of conceptual 
discussion is the narrow way in which evidence is conceived of, as including only empirical classroom work 
concerning relations between factors. For instance the evidence admitted for arguing that floating depends 
on density amounts to narrow repetition of a rule (if density is found to be less than one it must float) 
whereas arguments with a basis in speculative explanation (it’s got air in it, it’s more spread out) are 
unacknowledged. Knowledge generation in science is based on much more complex idea-evidence relations 
than this.   
In these cognitive traditions, reasoning has largely been characterised in terms of formal, syllogistic 
reasoning processes (deductive, inductive, abductive) that involve logics based on linguistic entities. 
However, Tytler, Prain, Hubber and Haslam (2013) have questioned whether these formal logical processes 
adequately capture the reasoning processes that underpin quality learning in science, or indeed the 
reasoning inherent in the epistemic processes of science itself. On the first point, we have argued (Prain & 
Tytler, 2012; Tytler & Prain, 2010) that informal reasoning processes have an important role to play in 
students’ learning of science, particularly highlighting the role of perception, and the central role of 
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language, through metaphor and representation, in deliberative reasoning processes (see also Klein, 2006). 
On the second point, we draw on a tradition of scholarship in studies of scientific reasoning, to argue that 
in science, informal modes of reasoning are critically important in idea generation and negotiation, 
associated with the imaginative creation of new modes of representation.  
Reasoning through representing in science and school science 
An important recent strand of analysis of reasoning has looked at the way models and representations are 
central to the knowledge producing processes of science. Model based reasoning (Lehrer & Schauble, 
2006), which involves students using and building representations to problem solve and interpret 
phenomena, has achieved increasing attention as we develop new understandings of the complex and 
informal processes of knowledge building in science itself (Duschl & Grandy, 2008).  
Tytler et al. (2013) have analysed student representational work largely through a Deweyan/Peircian, 
pragmatist perspective of applied problem-solving. They use examples of students’ working and thinking to 
establish the close relationship between representations, their referents, and constructed meaning. 
Through these, reasoning is related to the Peircian triad of meaning making (Figure 9.1).  
 
 
 
 
 
 
[Insert Figure 9.1] 
 
 
 
 
 
 
 
 
Fig. 9.1 Peirce’s triadic model of meaning making illustrated for developing understandings of moon phases 
or day and night (Chapter 7) 
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Model based reasoning involves the construction and alignment of representations and models to solve 
problems or explain a target phenomenon. Tytler and colleagues (2013) argue that the construction of a 
representation constitutes a claim in that each representation involves selection and abstraction, and that 
use of the representation to construct explanations is an important mode of reasoning in science.  
There is a growing literature on the role of representation, especially visual representation, as central to 
generating, coordinating and justifying ideas in scientific knowledge building processes. Gooding (2004) in 
his account of Faraday’s notebook work, suggests that Faraday’s development and modification of 
representations were critical to clarifying and instantiating his theoretical understandings and were part of 
informal reasoning processes by which new ideas were created. Latour’s (1999) analysis of the process by 
which data are transformed through a series of representational ’passes’ to build knowledge calls into 
question the possibility of a sharp and simple delineation between scientific product and the process 
through which it is developed, such that formal logical processes of justification of claims ultimately are 
subject to the contingencies of representational transformation processes. Clement (2008) in an analysis of 
expert problem solving in physics, identified a range of reasoning processes that he characterised as non-
formal, used to tackle non-standard problems These included speculative modelling, analogy, and thought 
experiments. 
Thus, particularly in the cases where students are engaging with models and visual representations, 
transforming between these, and constructing their own versions, student reasoning through 
representation is an important element of learning and problem solving.  
Cross-cultural Comparative Work 
In analysing case studies of support of reasoning across different cultural and systemic contexts we need to 
be careful not to privilege particular traditions. David Clarke (2013, p. 7) challenges us thus: “How … can we 
undertake legitimate and useful international (and cross-cultural) comparisons when the act of comparison 
requires a preceding act of typification, which may conceal important explanatory detail? And, to pose 
another challenge: From the perspective of which culture is the comparative analysis undertaken?”, Clarke 
argues that making generalisations about national patterns of classroom practice can be at the cost of 
explanatory power if we do not understand the particular cultural conditions underpinning the practice.  
We thus need to take each case on its own terms and construct a view of reasoning that is 
multidimensional and admits a variety of approaches. For instance, in the three countries involved in 
EQUALPRIME there are differences in emphasis of teachers in supporting reasoning and inquiry. Broadly 
speaking for instance, the German teachers in these cases emphasise open class discussion in which 
students are encouraged and given time to generate ideas and communicate and negotiate these in public 
discussion. Teacher input is carefully controlled. In Australia there is an emphasis on hands on activities and 
collaborative group work, with whole class discussion dedicated to students voicing and refining their ideas. 
 6 
In Taiwan the emphasis is on efficient introduction of canonical science concepts where students learn the 
discursive forms before being challenged to apply these. Thus, in analysing ways the teachers support 
reasoning, we need to choose constructs that can adequately capture such practices in ways that 
participants would acknowledge, yet still allow some comparisons across the cases based on common 
constructs. To this end, the analyses in Chapters 5-8 were all performed by cross-cultural teams, such that 
the data were subjected to scrutiny from the different cultural perspectives represented by the 
EQUALPRIME research team.  
The analyses were emergent and reflect diverse forms of reasoning. They involve: 
Teacher support of reasoning  Evidence of student reasoning 
Identifying the particular ways the teacher 
moved students towards a more scientific 
understanding, in terms of longer term patterns 
across lessons and units, and the nature of the 
learning tasks. 
 
Evidence of students learning to 
problem solve and work with the 
discursive reasoning tools of 
science. 
Identifying the particular discursive moves 
through which teachers elicited and responded 
to student’s ideas, and reasoning. This can be 
linked to Furtak et al.’s teacher support of 
argumentation.  
 The quality and complexity of 
student responses, including 
argumentation moves. 
An analysis of the different semiotic tools with 
which the reasoning proceeded; how different 
representations were used and coordinated. 
 
 Student construction, re-
description and coordination of 
representations.  
Reasoning in the EQUALPRIME Cases 
The cases presented below will draw heavily on the analyses performed in previous chapters, particularly 
the work on inquiry (Chapter 5), teacher discursive moves (Chapter 6), and reasoning through 
representation (Chapter 7). 
The Taiwanese teachers, Ms Hong and Ms Paulin  
Both Ms Hong and Ms Paulin delivered very structured lesson sequences in Astronomy and Simple 
Machines respectively, supported by considerable curriculum resources, which they embellished with their 
own or the school’s. In both cases the sequence was structured to efficiently introduce canonical science 
terminology and representations, and support students to work with these at a high conceptual level. 
Student reasoning involved responses to questions and activities designed to probe whether students could 
use these ideas in extended contexts, and whether they could interpret and identify patterns in activities 
such as the construction of a moon observation chart over a month.  
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In terms of discursive moves, both teachers made use of extending questions, which asked students to 
extend previous ideas to new situations, or interpret what is being displayed in a new way. Thus in Ms 
Hong’s class, students were invited to look at an image of the Moon above the southern horizon, and were 
asked which way is East, and West. Ms Hong patiently invited ideas (mostly wrong), affirmed stories, and 
finally led them to realise a different way of looking at the direction. 
Teacher:  Is your view the same as his as regarding the West? Is your view similar to his? I would 
like to ask one more student … Does anyone have ideas? Raise your hand if you have 
guessed the West. Let me just double confirm that you have guessed the answer.  
Well, there are other ideas. Please, go on.… 
Student 1:  We are viewing the Moon looking South. So, the East will be here (left) and the West is 
here (right) 
Teacher:  We are viewing the Moon in the South. So, all the directions should be reversed.  
Do you understand what he has said? We are viewing the Moon in the South.  
Hence, the direction that we are facing is …..? 
Students: It is the South. 
(several) 
In this episode the student provides both a claim and backing in arguing that in looking at the image of the 
Moon in the southern sky, West must be on the right hand side rather than thinking of the image as a 2D 
map, with North being ‘up’ and West to the left, as everyone else in the class had assumed. In many cases 
in the Taiwanese lessons, however, the students were not asked to provide justifications but rather 
demonstrate their insights through short interpretive responses. Their responses were mainly very short in 
response to closely targeted questions, illustrated by the much lower student-teacher conceptual talk time 
ratios presented in Chapter 6. Here we see a clear cultural difference in that overt reasoning demonstrated 
in talk in Taiwanese classrooms is not as highly valued as it is for instance in the Australian classes or 
particularly the German class working on the topic of force. On an argumentation model, while both of the 
Taiwanese teachers challenge student responses there is very little challenge for students to overtly justify 
their claims, and the discussion moves quickly through canonical content. However, the reasoning involved 
in responding to questions, while implicit, is often high level. The broader pattern of the Taiwanese 
sequences involves closely scaffolded introduction of canonical terms and representations (the language of 
the lever, moon phase diagrams) leading through the sequence to more sophisticated models, and lever 
contexts requiring greater interpretation. The reasoning thus involves increasingly complex use of taught 
concepts and representations.  
In the moon phase sequence Ms Hong from Taiwan supported students to reason by moving deliberatively 
between different representations, checking as she goes that students understand the nature of the 
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models she is introducing, and how they translate from one to the other. The sequence is discussed in 
Chapter 7. Students are continuously asked to respond to interpretive questions about the models.   
In the simple machines sequence Ms Paulin similarly crafted a strongly guided sequence in which students 
were introduced to ideas about levers and challenged to interpret these in a range of situations using a 
variety of representations.  A characteristic of this sequence is the strong emphasis on control of scientific 
terminology, shown in Chapter 7. Ms Paulin introduced and reinforced the language and concepts of lever 
principles through challenging students to interpret increasingly complex situations, supported by guided 
experimentation. Figure 9.2 shows the lever sequence in which probing of student ideas, open ended tasks, 
strong scaffolding of terminology acquisition, guided experimentation, and extension to a range of 
applications are all evident and carefully orchestrated. Each lesson begins with a review of the previous 
lesson’s ideas. Following the lever sequence similar but shorter cycles of terminology introduction, guided 
experimentation and extension occur for pulleys, wheel spindles, and gear wheels.  
 
[Insert Figure 9.2] 
 
Fig. 9.2 Ms Paulin’s sequence of activities concerning the lever principle 
Sequences of dialogue within each activity were strongly guided by the teacher, who continually 
questioned and challenged students to interpret simple machines using the established language and 
concepts. In the following sequence students discussed the result of an investigation of how easy it is to lift 
a puppet (named Xiao-Ming Wang) when it is at different distances from the seesaw pivot point. It is clear 
in this sequence that students were engaged with the question and felt empowered to challenge other 
students’ responses. While Ms Paulin strongly structured the dialogue she left room for students to express 
their views.  
Teacher:  OK, please to feel the difference of the force you applied when Xiao-Ming Wang is 
situated in different positions. I give you two minutes to experiment. 
Then, after this brief investigation 
Teacher:  I would like you to speak up your findings. Ok? 
Student 1:  They are the same, same findings. 
Teacher:  Ok, please tell me. What is the feeling you have got in situation one, two and three. How 
do you feel? Think about it! S2. 
Student 2:  When Xiao-Ming Wang is nearer to the pivot point, it is lighter. 
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Teacher:  Situation one or three? This? When Xiao-Ming Wang is nearer the pivot point, and …? 
Teacher:  Lighter? 
Student 2:  Lighter. 
Student 3:  It is not lighter! 
Teacher:  Ok, it doesn’t matter, it doesn’t matter. He said it is lighter. Do remember! When Xiao-
Ming Wang is nearer the pivot point, it is lighter. OK. What else? S3, you disagree? 
Student 3: Teacher, it is not lighter. It is just that the force you applied is less. 
Teacher:  Great! OK, but is what he said wrong? Actually, that is what general people feel. They 
often say that they feel it is easy and it is light. However, let me ask you. Will Xiao-Ming 
Wang’s weight change while playing on the seesaw with me? 
Student 4:  No. 
Teacher:  Will you say Xiao-Ming Wang; you become lighter simply because he moves to here?  
The teacher moved the puppet Xiao-Ming Wang to make it closer to the pivot point. 
Student 5:  No. 
 
The Australian cases: Mr Roberts, Ms Grace, Mr Collins 
Mr Roberts and Mr Collins in particular, of the Australian cases, structure their lessons with separate 
dialogic and authoritative episodes. In Mr Roberts’ case, as described in Chapters 5 and 6, he moved 
between whole class engagement demonstration and discussion, to small group or individual hands-on 
investigation, back to whole class discussion where he strategically utilised students’ ideas to shape their 
thinking and reasoning towards scientific conceptions. Figure 9.3 shows this sequence for a lesson on air 
resistance in flight.  
 
[Insert Figure 9.3] 
 
Fig. 9.3 Mr Roberts’ typical activity sequence moving from dialogic (Phase 1) to authoritative  
(Phase 2) discourse 
Mr Roberts’ skill in eliciting and affirming student ideas; then gathering these together in a public 
discussion, models and supports student reasoning.  
Boy:  Floats, so it floats you down, that makes you slow down cause the air is trapped under 
the parachute  
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Teacher:   The air is trapped under the parachute.  So this one is dropping more slowly because the 
air is trapped, is that what you're telling me? 
Boy: Yes. 
Teacher: Harry? 
Harry:   It has more area to cover then if you hold it like that cause when you hold it like that, 
very slim, it doesn't take up too much air.  But when you hold it like that, it covers a lot of 
area. 
Teacher: Leah folded hers several times and she said it made it fatter... 
Leah: ...it made it thicker. 
Teacher:  Thicker, sorry wrong word.  Thicker and the thicker one dropped... 
Leah: ...first. 
Teacher: Did it drop because it was thicker or because it was ... what was that word Harry, less 
area? 
Here we see student reasoning involving claims and justification based on general principles relating to 
objects moving through air, and Mr Roberts’ support of this through probing of ideas, seeking clarification, 
and challenge as he teases out the competing explanations for drop speed. In the discursive moves analysis 
(see Chapter 6) we have an explicit unpacking of the means by which teachers encourage claims and 
backing, as described by the Furtak et al. (2010) analysis. As described in Chapter 5, Mr Roberts’ practice is 
mainly centred around verbal and embodied representational modes, and hands on activities, with very 
little visual or spatial modelling to allow for students to translate between modes. In his case the reasoning 
is carried by this movement between talk, gesture, and hands on activity or demonstration, so that 
reasoning around representational re-description tends not to occur.  
Mr Collins also moves from dialogic to authoritative episodes in his lessons, sandwiching exploratory hands 
on activity. This balance between whole class and small group talk, and exploratory (as distinct from 
illustrative) hands on activity, seems typical of the Australian case studies. Mr Collins’ support of reasoning 
occurs often through an explicit strategy of challenging students’ ideas (see Chapter 6) so that they are 
encouraged to justify their claims. The following excerpt from a lesson on the different states of matter is a 
typical sequence. Here, Mr Collins is challenging students’ conception of a solid, following the reading of a 
formal definition.  
Teacher: ...yeah, wood is a solid, but I want to know why you think wood is a solid.   
Boy:  Cause it's hard. 
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Teacher: Cause it's hard, so... 
Girl:  If a solid can't bend, a paper is a solid. That can bend. 
Teacher:  ooooh, is there somebody already challenging thinking.   
Chas:  Well a solid is something that is hard... 
Teacher:   ...something that is hard.  Now Chas just said, if you're saying something is hard, what 
about paper, is paper a solid? No...   
Girl: ...yes it is! 
Teacher: I'm not telling you one way or another.  I want you to tell me.   
Girl:  Not runny.   
Teacher: It's not runny.   
Boy:  You can't put your hand into it like gas ‘cause you can just... 
Boy:   ...you can't put your hand through it... 
Boy:  ... you can't put your hand through a brick so that is a solid.   
Mr Collins then retrieved a sheet of newspaper and offered it to one of the students to hold. He then 
punched his hand through the paper.  
Teacher:  Hold that. Hold it, I can put my hand through that!  Does that make it not a solid? 
Mr Collins in this episode is supporting students to refine their classification of solids, liquids and gases by 
deliberately introducing difficult cases. In this way students are forced to clarify and rethink their 
categories. In this sequence Mr Collins showed many short videos and models of solids, liquid and gas 
behaviour and structure. He thus supported reasoning through representation interpretation, but did not 
have activities that required students to construct or coordinate representations. The activity sequences 
were reported verbally. Like Mr Roberts, the reasoning was mainly verbally expressed, but like Mr Roberts 
students engaged with open hands-on activities that required high level interpretation, claim making and 
justification.  
In Ms Grace’s sequence, which was analysed in detail in Chapters 7 and 8, she was strategic in orchestrating 
multiple and multi-modal representations of the day-night cycle. She led students through these in a similar 
way to Ms Hong, constantly questioning students to check they were interpreting the models consistently, 
and engaging them in participating. She departed from Ms Hong’s practice by setting an open model 
construction task that required students to actively generate claims concerning the balls they fashioned 
into a model, and link these to the day night cycle. When they did not do this at a deep level she 
intervened, modelling the interpretation of the model to explain the experience of day and night. The 
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sequence is thus a good example of teacher scaffolding of multi-modal explanations, although it did not 
involve extended student reasoning to demonstrate their own coordination of these models.  
The German sequences: Ms Lennard and Mr Arnold, and Ms Petersen 
The analyses in Chapter 6 of discursive moves in the two German cases shows a commitment in each case 
to extended student reasoning in whole class discussion, as students learned to communicate and respond 
to each other’s ideas. Ms Lennard (T1) and Mr Arnold (T2) worked with their students on levers in a 
sequence described in some detail in Chapter 5. In the sequence they began with a stimulus photograph 
and gathered and developed student ideas through a series of experimental investigations, journal 
reflections and discussion. They, in particular, were very explicit in their commitment to working with the 
students’ ideas rather than themselves driving the conceptual agenda explicitly. They did so by 
orchestrating student input, through strategically selecting student contributions to feed back into the 
discussion, by subtly re-representing the conceptual task, by framing exploratory challenges, and by helping 
students clarify and extend their ideas in whole class discussion and through responses to journal entries 
(see also Freitag-Amtmann, Chittleborough, Hubber & Aranda, in press).  
This movement of ideas in which teachers continually select and orchestrate student ideas to feed back 
into reasoning about phenomena, and experimental exploration is illustrated in Figure 9.4. This is a 
simplified version of the more complete sequence built around the gondola problem, shown in Figure 5.4 in 
Chapter 5. Figure 9.4 demonstrates the way student ideas were elicited, challenged, shared and refined in a 
cyclical process involving teachers strategically inputting ideas and experiences.   
An example of re-representing is shown in Figure 9.5, which shows an abstracted representation of the 
photograph shown in the first lesson, of a gondola supported on the side of a building. The students had 
speculated about the arrangement without a strong focus. In this case reasoned interchanges between 
students was encouraged explicitly, through the ‘dancing chairs’ strategy (Ruf & Gallin, 1998) where 
students commented on entries in others’ journals, and through the teacher-managed whole class 
discussion (described in detail in Chapter 3). This re-representation brought key features of the gondola 
structures into relief, which focused the conversation strongly on the lever elements.  
Following a problem solving exploration where students explored arrangements whereby 40 blocks could 
be suspended with minimal counterbalance (see Fig. 3.7 in Chapter 3), the teachers posted photographs of 
students’ experimental solutions on the wall (Figure 9.6) so that the conversation was based on comparison 
and interpretation of the arrangements, again allowing free but focused movement around the Peircian 
triad of representation, phenomenon, and meaning making. 
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[Insert Figure 9.4] 
 
 
Fig. 9.4 Sequence of classroom activities and teacher strategic moves used in the gondola topic in the 
German class on levers 
 
 
[Insert Figure 9.5] 
Fig. 9.5 Abstracted representation of the gondola photograph introduced in Lesson 2, exposing the lever 
elements  
 
 
[Insert Figure 9.6] 
 
Fig. 9.6 Posting of photographs of students’ experimentation for classroom discussion 
The posting of the photographs led to a whole class discussion: 
Teacher1: And was it like Jenny said that you had the bricks further in front?  
Student 1:  Yes. 
Teacher 1: Aha.  
Student 1:  Yes. We had them about where the second one from the one at the back is.  
Teacher 1:  There? Ah, yes. Any similar experiences with where you placed the stones? Noel 
Noel: We also placed them right in the back because in the front, well the fact is that in the 
front there is much more weight but in the back … it is somehow better because for 
example [if someone] wants to loosen the nut of a screw it is really difficult with a small 
screw wrench … and one can for example insert a metal pole and then, because it is 
longer, it is easier to do this as it is also easier for the poles to hold when it is further 
back. 
Teacher 1: ok,  
Teacher 2: Aha.  
Teacher 1:  Sarah?  
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Sarah:  One could also, if one does this (demonstrates with pen!) if one presses here, then it 
won't come up easily. But if one presses here, it does so easily. 
Teacher 1: Yes. Another experience. Yes. Dennis?  
Dennis:  This is also, for example like with the lever principle, if for example one wants to lift a 
tree with the help of a shovel and one digs it deep into the Earth and then lifts it, I mean 
puts it underneath, then it works better than if one puts it in only slightly and then tries 
to "lever" it out. 
Teacher 1: So I gather the principle "further away" from your words? 
Dennis:  Well, not exactly. So that not much of the beam is visible at the end because otherwise it 
would come up.  
Teacher 1: Patricia?  
Patricia:  But - to Dennis - that is really strange! The stones are at the back after all. And if it still 
works so well and there are more stones in the gondola than up then the stones could 
also lift it up. And then it would also not hold so well. 
Teacher 2: Which picture illustrates clearly what Dennis was just trying to say?  
Patricia:  Well he just said that if one wants to uproot (lit. lever out) a tree one places the shovel 
inside and then one tries to lift it at the back. And if we take the stones here and the 
poles are up to here and the gondola is hanging from the poles and there are stones 
inside, then they could also lift it a bit easier somehow. 
This excerpt clearly illustrates the discursive moves the teachers made to encourage students to clarify and 
elaborate on their ideas about the forces at a lever, moves which were described in some detail in Chapter 
6. These chart the diversity of teacher moves that conform to Furtak et al.’s (2010) description of teacher 
support for reasoning. There are several features in this excerpt that illustrate core aspects of the two 
teachers’ practice in supporting student reasoning, which is different in type and scale to the other 
examples. The first is the respectful and inclusive stance of the teachers in participating in open speculation 
in a way that encouraged extended student interactions. They acted as conveners of a community of 
inquiry rather than the source of expert knowledge. Second is the success they had with encouraging 
elaborated student responses that included claims and justifications, using analogy, and speculative 
reasoned hypotheses with regard to what was going on. Their reasoning was at times relational and at 
times model based, as with Dennis’s drawing on experience with shoveling to think through the gondola 
arrangement.  
Ms Petersen’s sequence on the phases of the Moon is not as complexly orchestrated as the Taiwanese 
examples, but also used open discussion that allowed room for student speculation and collaborative 
interchange to deliberately build understanding through a dialogic process. This can be discerned also in 
discourse around the tellurium: 
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Teacher:  … we still haven't explained how the moon phases come about.  
Do you already have an idea now that you see this model? Paul 
Paul:  Ehm, if one switched on the light of the sun, one could turn the Moon, and then maybe 
the moon phases would appear?  
Teacher:  What do you believe, which moon phases you could show in which way?  Do you already 
have an idea?  
Paul: (inaudible) crescent??  
Teacher:  Yes, and how? What do you think, how would you see a crescent?  
Paul:  If the Moon turned this way. 
Teacher:  Well, position it!  
Paul:  Well, if the Moon turns this way, so that it beams its rays here somehow 
Teacher: The way the Moon is positioned right now, what do you think? What phase of the Moon 
would you see? You are there on the Earth, Georg? 
Georg:  Well, I just had a thought, so, if the Moon is here in front of the Earth now and a ray 
illuminates this, I had a thought, that there could also be a solar eclipse sometimes. 
Teacher:  Mhh, ok,  
In this sequence Ms Petersen challenged students to use the model to construct an explanation of moon 
phases, and then to be explicit about their claims through talk, and also physical demonstration of moon 
positions. Here we see support of argumentation around model based reasoning, with students making 
claims and justifying them through talk, and through model manipulation.   
Conclusion 
These seven cases all provide evidence of significant support of student reasoning, but in different forms 
and within different classroom traditions. In some respects the approaches to student reasoning and 
learning can be grouped by country, and the analyses in the earlier Chapters 5-8 and this Chapter have 
identified dimensions along which they group. On the other hand, in both the discursive moves and 
representational reasoning chapters we have shown how there are significant commonalities, and on some 
measures teachers across countries have more in common than teachers within countries.  
In comparing teachers working within different cultural traditions, researchers must inevitably take a 
perspective, and there is an associated danger in this; of adopting constructs that implicitly favour one 
country over another. I have argued in this Chapter that to undertake a cross case/cross country analysis of 
teacher support of reasoning that is respectful in acknowledging the core values underpinning different 
countries’ practices necessitates the adoption of a range of perspectives. The way this is done must 
properly tread a line between dealing with constructs that can translate across cultures, and analyses that 
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treat each case legitimately on its own terms. This Chapter has thus drawn on four different analyses of 
teacher support of student reasoning, to provide some assurance that the core practices are both properly 
represented, and in some way meaningfully contrasted. These analyses were of: 1) the structure of tasks 
and discourse across a lesson or lesson sequence, 2) teacher support of argumentation and student 
argumentation moves, 3) teacher discursive moves to support reasoning, and 4) teacher orchestration of 
multi modal representations and student coordination of these.  
The analysis has shown some key teacher moves that are represented in some way by teachers in each 
country, that support student reasoning:  
• Constantly monitoring and supporting and challenging students’ ideas. 
• Providing opportunities for students to speculate and hypothesise, and shaping thinking through a 
range of teacher responses to student input. 
• Constantly requesting of students to make claims, clarify, justify and extend these. 
• Withholding evaluation of student input and generating a classroom culture of engagement with 
ideas. 
• Inducting students into the language and representational forms of science, through active 
involvement in their use. 
• Challenging students to construct and/or interpret representations and supporting the coordination 
and evaluation of these. 
• Supporting groups of students to collaboratively explore and generate ideas in the form of words and 
text, visual representations, and artefacts. 
In this analysis the link between reasoning and learning becomes clear, in that the focus on reasoning 
amounts to a focus on higher level learning. To take a point from Peirce concerning the nature of 
reasoning, shallow learning approaches do not involve students constructing ideas that take them beyond 
what is already known by them.  
A major dimension along with the cases diverge is the extent to which the teachers control the reasoning 
and learning agenda, such that extended ideas and conceptual moves are the province of the teacher, 
compared to students being challenged to speculate and contribute ideas that move well beyond what has 
been offered by the teacher. The first case represents the Taiwanese practice, and the second is best 
illustrated by the German case on forces. The Australian cases fall between, with student exploration and 
speculation but strong teacher guidance through introduction to tasks and input into discussion. These 
differences show in a number of aspects of the analyses: 
1. There are many more episodes of dialogic discourse in the German and Australian episodes where 
students are invited to openly express ideas, whereas the discourse in Taiwan is almost exclusively 
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authoritative even though students are constantly invited to contribute ideas, but in a more 
constrained way. 
2. Student contributions to the discussion are shorter in the Taiwanese lessons and longest in the 
German sequence on forces where students give extended contributions that represent high level 
argumentation and abstracted reasoning.  
3. Representations and artefacts used in the Taiwanese sequences, and to a lesser extent in the 
Australian sequences, are customised and canonical, whereas in the German sequence on forces and 
to an extent Ms Peterson's and Ms Grace’s sequences students are challenged to produce their own 
representations. 
4. The Taiwanese sequences take students more directly to the canonical science content, and 
generally to a higher conceptual level, than the Australian and German sequences, reflecting the 
more overt and structured teacher input.  
Thus, while each sequence provides examples of teacher support of reasoning, there is a clear difference in 
what this means in each case. In the German cases there is a strong emphasis on students engaging in 
thinking through and constructing ideas jointly, with valuing of extended talk and interactive engagement. 
This is also true of much of the Australian cases, and mirrors contemporary western education literature 
arguing that deeper student learning flows from quality classroom talk. In Taiwan, however, talk is not so 
much valued compared to students’ demonstrating the capacity to solve problems using canonical 
representations and processes.  
Thus, it seems that the two Taiwanese teachers focus on providing students with the conceptual tools with 
which to reason, and the opportunity to practice these. For the three Australian and particularly the three 
German teachers the priority is placed on modelling the reasoning process. Students are challenged to 
create new ideas from what they know. In Ms Paulin’s lever sequence, students create new ideas and 
processes only after they have been strongly schooled in the canonical representations (where is the 
fulcrum? Which is the effort?) with which to do this.  
In order for students to reason scientifically, they need both the discursive tools with which to reason, and 
the orientation and processes to apply these in a problem situation. In the Taiwanese cases the emphasis is 
on efficient development of the high level conceptual tools, with which students can then reason. In the 
Australian and German cases, the emphasis shifts towards modelling the process by which the tools are 
developed, as an outcome of community reasoning processes.  
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